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THTRODUCT ION 


A bird with a minim number of pinfeathers ie valuable 
to the broiler grower and to the poultry processor, It enables 
him to present the consumer with an attractive product at a 
minimum cost. Broilers with many pinfeathers are costly : 
to the producer and processor, because many of the pinfeathers 
will not be removed during the mechanical dressing process, 
The remaining pinfeathers have to be removed by hand, an 
operation which is costly in time and money. The innovation 
of high energy broiler rations, improved breeding methods, 
and better manegement practices have enabled farmers to 
produce market-size broilers at early ages, Thie has meant 
that feathers have less time to mature and the result is often 
a large mumber of pinfeathers,. 

Poultry brecders have felt that the pinfeather problem 
could be improved through the introduction of the sex-linked 
gene for early feathering (A] into their breeding flocks. 
This is easily accomplished because the sex~linked gene () 
is recessive to its allelemorph for late feathering (PD. This 
means that all early feathering chicks selected will breed 
true, and cannot be heterozygous for type of feathering. Ine 
herited factors other than the sexelinked gene aleo affect the 
vate of feathering. ‘trains varying in feather development 
have been established within late feathering chicks, however, 
this accomplishment has been reported within early feathering 
chicks only for the autosomal conditions “tardy" and "retarded" 


which are deseribed on pages a end seven. Some other 
variation has been observed within early feathering chicks. 
This variation may heve been caused by autosomal modifying 
genes. 

The present experiment was designed to provide more 
critical information on the nature of the variation in the 
body plumage of birds possessing the sex~linked gene for early 
featheringe Other major information sought concerned the re- 
lation of pinfeathers present at warket-age to the replacement 
of the down and juvenile plumage. 


REVIEW OF LITERATURE 
Terminology 


Several terms have been used to describe the effect of 
the sexelinked gene af feet ing featherings Late feathering hes 
dean referred to as slow or poor feathering, whereas ite 
recessive allelomorph, early feathering, has been referred to 
as fast, well, or rapid feathering. Various symbole were 
assigned to this conditions, Serebroveky (1922) called the gone 
causing late feathering zun and ite recessive allelomerph 
"asuke", He assigned no symbols to these terms. Warren (1928) 
used the terms rapid and slow to denote the conditions. He 
assigned to the former the syaibol (pg) and to the letter the 
symbol (). In later studies Warren referred to the factors 
as early and late feathering instead of rapid and slow. Hertwig 
and Rittershaus (1929) assigned to this sex-linked condition 
the symbol (J) fer Aer Pluge) (short wing). ‘This symbol hes 


been accepted by most authors as the symbol for the sexe 
linked feathering conditions ; 

it ie the author's belief that “early” and “late” are the 
more desirable terms to we when discussing the sex-linked gene 
for feathering because they denote a difference in the time 
that the feather emerges from the feather follicle. The other 
terms appear to show the speed at which the feether crows 
after its appearance from within the feather follicle, which 
may not necesserily differ in the two types, Throughout this 
thesis the terms early end late, with their respective sycbole 
( and (K), 111 be used to denote the feathering dus to the 
effect of the sex-linked gone. 


Sex+linked Peathering 


Serebroveky (1922) reported evidence from matings of 
Barred Fiymouth Recke te Russian Orloffs of e sexelinked factor 
which retarded the feather development in the progeny, so that 
they had very walli tet le at one and onewhalf months of age. 
Warren (1925) found that Jersey Bieck Gtant nales nated to 
White Leghorn females produced PF, progeny tat were late 
feathering, while the reatproesl cross predused 71 offsrring 
in which the males were late feathering and the females early 
feathering. These findings were in ascordence with Serebroveky's 
namely, that the rate of feather development was due te a sexe 
Linked factor. They also showed that early feathering, whieh 
is comzon to Mediterranean breeds, is a recessive allelonorph 
80 late feathering. 


The sexelinked gene influences the rate of feathering 
from hetehing throughout the growing period, but has no ine 
fluence on the feathering of mature birds, based upon the 
descriptions given by Warren (1025, 1944), early and late 
feathering chicks can be claseified into two definite groups 
at hetohing time and at ten to twelve days by the appearance of 
their wing and tail feathers, At che day, early feathering 
chicks exhibit wing coverts thet are thinner end are twoethirds 
to three-fourths the length of their respective primaries, in 
late feathering chicks the wing coverts and their primaries ere 
the gane size, or the coverts may be longer than the main wing 
feathers, Early feathering chicks will have a larger number 
of secondary wing feathers present then late feathering chicks 
at this ages Mueller, et al. (1952) reported that early and 
late feathering chicks may be separated into two groups up 
to twelve weeks of age, At twelve weeks of age late feathering 
birds had only immature juvenile main tail feathers while in 
eerly feathering birds a majority of the juvenile main 611 
feathers had been replaced prior to this time. 

Snelling (1953) found no distinet differences between 
embryos possessing the sexelinked gene for early feathering 
and those with the allelomorph for late feathering until the 
nineteenth day of incubations On the nineteenth day primaries 
number 1 and 2 (numbering distally from the extel feather) and 
their respective coverts were emerging from the feather follicle 
in early feathering embryos, The late feathering embryos 


showed no emergence of these primaries and only slight growth 
of their coverts.. 

Denferth (1929) reported on experiments conducted in the 
transplanting of skin from one bird to another, Tissue was ree 
moved from the backs of early and late feathering chicks and 
was grafted in each case onto a bird of the opposite feathering 
type. He found that the rate of feathering in the trensplented 
tissue was dependent upon the genetic make«up of the donor and 
that the genotype of the hest had no visible affect on the 
feather development, It may be conclufed, therefore, that the 
action of the sexelinked gene is restricted to the feather 
follicles 

It has been previously stated that during their growing 
period carly end late feathering chicks may be divided into 
two definite groups according to the differences that exist in 
the development of their plumage. ithin esch group there are 
variations which are apparently due to sexual dimorphism, action 
of hormones, and autosomal modifiers. befinite grouping of 
birds with these variations has not been possible so that in 
most studies within groups classifications have been based on 
arbitrary feather scores, The amount of feathering over the 
back at various ages is one of the more popular ways of 
clessifying the feathering of birds within these two groups. 


Sexual Dimorphism 


Several investigators have reported sexual dimorphiem as 


a factor in the rate of feather development. Martin (1929) 
reperted that in lete feathering chicks the females feathered 
out soconcr than the males, Sexual dimorphism in late feathers 
ing chicks has also been reported by Jeap end Morris (1957), 
Radi and Warren (1085), Darrow and Warren (1944) and Olezensr 
and Jull (1946). 

Heys and Sanborn (1948) observed that early feathering 
females feathered more rapidly than early feathering males. 
Their findings were confirmed by Darrow and Warren (1944), 
@lezener and Jull (1946) and Hays (1962). 


Modifiers of Barly Feather ing 


The sexelinked gene for feathering ts not the only 
genetic factor which affects the rate of feather development » 
Warren (1933) reported a simple autosomal recessive factor, 
“petardea", which modified the expression of ordinary early 
feathering in Single Comb White Leghorns. The gene for ree 
tarded feathering restricts the normal development of all but 
the first three secondary wing feathers in dayeold chicks, and 
prevents development of the tail as well as the other seconde 
artes up to ten days of ages The effects of the retarded gene 
are not visible in the plumsege of adult birds. 

MeClary and Bearse (1941) reported en autosomal recessive 
gene in early feathering stock that caused individuals in a 
strain of Single Comb White Leghorns te feather slowly. Their 
description of the appearance of these individuals te very 
similar to that for chicks pessessing the retarded factors 


Darrow and Warren (1944) described an autosomal recessive 
modifier, “modified early", which suppressed the normal exe 
pression of the sexelinked gene for early feathering. They 
suggested that this condition may be the same as retarded. 
When a retarded sire was mated to a modified early dam some 
of the progeny resembled the parents, but the others were 
normal, The fact that some of the progeny were normal ine 
aieated that additional modifiers were present. 

Jones and Hutt (1946) observed an autosomal recessive 
mutation, “tardy” (A, which affected the rate of feathering 
in Single Comb White Leghorn chicks, These chicks showed little 
or no development of secondary wing feathers at 10 days of age, 
while development of a tail did not start until about eight 
weeks of ages Through further tests they found that tardy 
was a recessive allele to the retarded factor reported by 
Warren (1955). Jones and Butt (1946) designated the symbol 
l for retarded, Tardy, like retarded, is not phenotypically 
visible in mature birde. Both are recessive to the allele for 
the normal condition, (J). 4 is the only member in this 
series of multiple alleles thet permits the early feathering 
gene to express itself, 

Simultaneously with the report of Jones and Hutt (1946), 
weGibven and Helpin (1946) reported evidence of the allelic 
nature of three factors which they termed “normal”, “retarded” 
and a The use of the latter term is unfortunate, since 
many workers have used that term to designate the allelomerph 


of early featherings They may be the same series of alleles 
deseribed by Jones and Hutte 


Other Factors Affecting Feather ing 


Radi and Warren (1938) established two strains of late 
feathering chicks which differed genetically in degree of 
feathering. Thie wae probebly due to modifying genes acting 
separately from the sexelinked gene for late featheringe Hays 
and Sanborn (1942) suggested a dominant autosomel factor (x) 
for feathering that had a oumlative affect with the recessive 
soxelinkead gene to produce complete back feathering in birds 
at eight weeks, This cumulative affect tended to reduce the 
sexual Gimorphiem in the rate of feathering. This may be the 
sane genetic faster that Radi and Warren hed present in their 
late feathering strains. 

Darrow (1941) observed variations in the feathering of 
birds possessing the sen- linked gene for early feathering. 
These variations were present at one day, ten days, and six 
weeks, He attributed these variations to the aetion of 
modifying genes. Hurry and Nordskog (1963) reported that 
only a @mall part of the total veriation in the feathering of 
early and late feathering groupe of chicks was due te the 
presence of the sen- linked gene for feathering, The variation 
in the early feathering group was as great as the variation in 
the late feathering group. The variation appeared to be large 


enough to imply thet the rate of feather development may be 
improved in birds that are homozygous for either (§) or (i). 


Relation of Peathering to Growth Rate 


Numerous investigators have reported on growth rate in 
relation to feather development. Martin (1929) observed that 
the rate of feathering over the back of Barred Plymouth Rocks 
was related to the rate of body growth in both males and fe- 
males, with the heavier birds being the better feathered, A 
correlation coefficient of #812 was found between body weight 
and feather development in late feathering Sarred Plymouth 
Rooks by Gericke and Platt (1952), The validity of their ro- 
sults may be questioned, however, since these birds were raised 
on various rations with different protein levels, which affected 
feathering rate. 

Marble (1934) obtained a significant positive correlation 
between body growth and rate of feathering at four, eight, 
twelve, sixteen and twenty weeks of age in both sexes of Single 
Comb Shite Leghorns, which are early feathering. The results 
were of greater significance during the early weeks than during 
the leter ones, Jaap and Morris (1937) reported a low but 
Significant correlation of ., between weight and feathering 
within late feathering chicks at eight weeks of ages However, 
the correlation coefficient between body weight and feather 
development in late feathering stock obtained by Radi and Warren 
(1958) was too low for any practical importences 


Warren and Payne (1945) found that early feathering New 
Hampshires tended to be heavier than late feathering ones at 
twelve weeks of age. This appears to be the first work where any 
comparison was made between early and late feathering individuals. 
The previous work cited was concerned with the variations present 
within either early or late feathering groups of birds. Glasner 
and Jull (1946) found in Barred Plymouth Rocks and New Hampe 
shires, that chicks having six or more seconderies at hetching 
were heavier at ten weeks of age than were chicks with fewer than 
six secondaries. 

Hays (1951) reported on the relationship between the degree 
of feathering up to eight weeks of age and the chick weight at 
¢ight and twelve weeks in 5200 early feathering Rhode Island Reds. 
He found that the sex-linked gene for feathering had no effect 
on body weight. However, he suggested an autosomal gene was 
present thet effected the degree of back feathering and body 
weight at eight end twelve weeks, Godfrey end Farnsworth (1952) 
reported that the sexelinked gene (x) had no influence on body 
weight at ten weeks, It was their belief that the ection of 
this gene is in the feather follicle and that it fe not related 
to body growths 

Plumart (1952) found no significant difference in body 
weight between early and late feathering birds at eight weeks of 
ages At 12 weeks he obtained a barely significant difference of 
9.17 pound in females favoring at this point the early feathering 
ones, but in males no significant @ifference was founds 


Hurry end Nordekog (1953) observed that the sex-linked gene 
for early feathering did not increase body weight significantly 
in birds eight weeks of ages However, when all factors were 
included a fairly high phenotypic correlation between feather 
ing at eight weeks and body weight at eight weeks was obtained. 


BXPERIMERTAL PROCEDURE 
Source of Chicks and Their Management 


The stock used in this study consisted of 100 early 
feathering White Plymouth Roeks obtained from a commercial 
hatchery. All chicks were classified at one and ten days of 
age to make certain that they were early feathering. Three 
chicks were removed because they were late feathering. our 
chicks died during the rearing period, leaving 95 birds at the 
conclusion of the experiment. 

The chicks were wingbanded and dyed green on the day 
of arrival from the hatecherye The following day they were 
vaccinated intercoculerly with Neweastle Live virus vaccine, 

After being reared in batteries for four weeks the chicks 
were traneferred to a brooder house where they were grown under 
an electric brocder for the remainder of the experiment. A 
high-energy broiler ration containing a coceldicatat was fed 
during the entire rearing period. 

Body weights were recorded to the nearest five grams at 
10 and 12 weeks. 


Dyeing of the Plumage 


The pinfeathers present on dressed broilers are due to 
the replacement of down or juvenile plumagee The juvenile 
feathers replace dom feathers and the adult plumage in turn 
replaces the juvenile festhers. For ease in distinguishing 
the down feathers from the other plumage, the day-old chicks 
were immersed in a commercial dye solution which dyed their 
plumage green. Some juvenile feathers were present on the 
wings of the chicks, Since none of these juvenile feathers 
were mature, however, only their unfurled termine] tips were 
dyed greene 

At five weeks of age 24 juvenile feathers were dyed pink 

on each chick, A different color of dye was used for ease in 
distinguishing these dyed feathers from the down feathers and 
other plumages Some chicks had many nature juvenile feathers 
growing in the pterylae where the dyeing was done, whereas 
others did not have any mature juvenile feathers in those tracts. 
Where possible, only mature feathers were dyed, but in those 
birds with an insufficient number of fully mature juvenile 
feathers, the most nearly mature feathers were dyed pink, The 
feathers that were dyed pink were selected in each of three 
pterylae, the back, right breast, and right femoral tracts. 
Three pterylae were used so the sampling would cover a relatively 
large area, Bight feathers were dyed in each tract. 

Variation in the body plumage of the birds was observed 
at the time the feathers were dyed pink, It may be seen in Plate 
that one bird had numerous feathers growing on the lateral 


aide of ite body while the other bird hed only a few feathers 
growing in this area, 

The number of pink feathers molted was used es an ine 
dtent len of the number of pinfeathers that were present due to 
the rate of replacement of juvenile feathers, Thie was possible 
because, as stated previously, adult plumage replaces juvenile 
plumages 


Classification of Live Chickens 


The Live birds were classified according to their feathers 
ing condition at 1 day, 10 days, 6 weeks, & weeke, 10 weeks, 
and 12 weeks of age, The classifications were as follows: 


Qnestey Classification: Upon arrival from the hatchery 
measurements (in mm.) were recorded for the length of the 


number 2 secondary on the left wings The number 2 secondary 
(numbering proximally from the axial feather) was used because 
it ie the first secondary wing feather to be seen on chicks of 
this ages The reason for this type of classification was to 
determine if the variation in the length of secondary feathers 
at one day of age was indicative of the feathering condition, 
, at later agece 


Ten-day Classification: in an effort to find variation among 
the body feathering of early feathering chicks, the back and 


breast pterylee were acored for the appearance of juvenile 
feathers, The beck feather tract was chosen because it is the 
last tract to receive ite feathers and is the region where most 


EXPLANATION OF PLATE 1 


Paige 1 An early feathering male, five weeks of age, 
showing bare areas on the lateral side of its body caused 
by a lack of development of the juvenile plumage. 

Pige 2 An early feathering male, five weeks of age, 
showing pinfeathers and immature feathers of the juvenile 
plumage appearing on the lateral side of its body. Less 
unfeathered area is present than in bird 1. 
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PLATE I 


Fig. 1 


Fig. 2 


pinfeathers are found on broilers, In contrast, the breast tract 
is one of the first to show feather development. 

All chicks were scored for the degree of back feathering, 
with the two scores used: 

lL % juvenile feathers, only downs 

8 Juvenile feathers in sheath stage. 


uno other scores were necessary because none of the juvenile 
feathers present on the back pterylae were out of their sheath 
at the time the classification was made, 

All chicks were scored aleo for degree of breast feathere 
ing. Four scores were used because the feather development was 
further advenced than the feather development on the back tracts 
Phe scores used weres 

1 + No juvenile feathers, only deen. 

2 » Juvenile feathers in sheath stages 

3 + From one to six juvenile feathers out of the sheaths 

4 » Seven or more juvenile feathers out of their sheath. 


Six, Eight, Ten, end Twelve Week Classifications ths total 
number of feathers dyed pink (24) minus the number of dyed 
feathers present at each age gave the number of dyed feathers 
molted efter five weeks of ages The difference in nunder of 
dyed feathers molted at each age gave the number of dyed feathers 
molted for each period, 

Bach ohick was seored for the amount eof dawn and number of 
pinfeathers present at these various ages, The same basis for 
scoring was used for each period. There was a progressive 
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decrease in the amount of down present for each successive 
Glessification period, but the pinfeather scores remained quite 
constant throughout the growing period. These data were not 
used in the analysis because most of the birds fell into the 
sane grou when classified. It 10 believed that a better method 
of scoring the variation would have been to use two classificae 
tion systems, one similar to that mentioned above where the 

seme stendaré applied throughout the experiment and another with 
a different standard used each time the birds were classifieds 


Dressing of the Chickens 


One of the main concerns of the poultry producer and pro- 
cessor are those pinfeathers that cennet be removed during the 
mechanical dress ing process, The pinfeathers that are removed 
are of little concern to him. To provide conditions sin ler 
to those for the processor, 76 of the birds 12 weeks of age were 
| taken to a commercial dreesing plent where they were killed, 

- pleckesealded (128 P.), and put through a mechanical picking 
| machines The birds were removed from the shackles at the end 
of the picking line before any hend pinning end singeing was 
done and then were returned to the laboratory for further 
classifications 

To insure perpetuation of the stock only 76 of the 95 
birds used in this study were killed and dressed. 


Classification of Dressed Chickens 


Pinfeather counte were made in the three pterylae in which 


feathers had been dyed pink. Bach dressed bird wes also scored 
for the total amount of down that was present. This was an ine 
dient ich of the amount of down replaced by juvenile feathers. 
The scores used wore: 

1 «= No den. 

2 » Very slicht scattering of Gown. 

3 © Slight scattering of down. 

4 « Moderate amount of donn. 

S « Much downs 


In an effort to measure the consistency of the classifica- 
tion 25 birds were reclessified for dressed down scores, Twenty- 
four birds were given the same score both times and one bird was 
elaseified one score lower the second time than in the original 
classification. 


RESULTS 
Day-old Feather Length 


The length of the number 2 secondary ranged between 8 and 
16 mms for the males, with a moan length of 12. % 1.6. ‘The 
mean length fer females was 15,601.67 with extremes of 10 and 16 
mae The difference between sexes in moan day-old feather length 
was 0,6821, 1% a value that was not significant, indicating that 
sex had little effect on the length of the number 2 secondary 
wing feather at one day of age. Table 1 shows the atstribution 
of birds with respect to the length of the number 2 secondary 
at one day of ages 


Table le Distribution of birds with respect to day-old 
feather length. 


Peete tenets r lama. + tel 


10 or less 3 6497 1 38.00 4 4.30 
11 4 830 6 12,00 10 10,78 
12 18 30.23 & 10.00 18 19,56 
8 7 160268 8 16,00 15 16615 
14 10 23526 17 34.00 27 89,05 
15 S 6.98 6 12,00 9 968 
16 or more S3 6:98 7 14:00 10 1075 
Total 43 100,00 50 100, 95 99.99 
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Ten-dey Feathering Scorea 


Evidence that sexual dimorphism wae present in early 
feathering chicks was shown by the beek and breast feathering 
seores taken at 10 days of age, According to the date 
suemarised in Table 2, 74642 percent of the males had no 
juvenile feathers in their back pterylee (score of one), in 
contrast to only 44.0 percent of the females with such a score. 
The data in Table 2 also show thet only 16.26 percent of the 
males hed juvenile feathers that were out of their sheaths 
(seores of three and four) in their breast pterylae, whereas 
48,0 percent of the females had such juvenile feathers, 


Highly stgnifieant ehiesquere valuee of 9623 and 0.54 (pe 3.01) 
were obtained with regard to sex for the distribution of ten-day 
ecores on the back and breast tracts, respectively. 
Considerable variation in feather development within each 
gon was observed at ten days No juvenile feathers were found 
in the back ptorylee of some males while the backe of others had 
several juvenile feathers present, This condition was alse 
present in females, Females had a wider variation in feather 
development in their breast tract than did males, The data in 
Table 2 show that 62.0 percent of the females hed no juvenile 
feathers in their breast tract that were out of the sheath 
stage, 29.0 percent had lese than six juvenile feathers out of 
their sheaths and 20,0 percent had more than six juvenile 
feathers that had emerged from their sheaths, dne of the 
males had more than six juvenile feathers cut of the sheath stage. 


Table 2, Distribution of birds for ten-day feathering scores. 


7 7 7 7 
Region 1 Score 1: Tos t Foe t 8. 


—— —— —⏑ä—ĩv—5———————r—5— ——ů———rv——5ð:—— NA SEAT 
Back 1 8 74, 244,00 53.00 
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It may be observed in Plate II that one chick had 
only one juvenile feather present in ite breast tract at 10 
days of age while the other chick had several such feathers, 
with some already out of their sheaths, Examples of 
variation in feather development at 10 days on the shoulder 
tract and in teil size are shown in Plate III, 

The breast pterylae in both sexes showed more feather 
development than did the back pterylae. According to the data 
shown in Table 2 juvenile feathers were present in the 
breast tract of every chick classified at 10 days of age. 
Juvenile plumage had appeared in the back tract of only 
41.94 percent of the birds. “hile none of the juvenile 
feathers appearing in the back pterylae were out of their 
sheaths, 35.35 percent of the birds possessed in their breast 
tract juvenile feathers which had emerged from their sheaths, 


Molt of Dyed Juvenile Feathers 


The number of dyed feathers molted in each feather 
tract at 6, 8, 10, and 12 weeks was obtained. ‘Table 8 
contains these deta expressed in terms of cumlative 
percentage of dyed feathers molted. Less than one percent 
of the dyed feathers had molted when the birds were six 
weeks of age (one week after the feathers were dyed), At 
eight weeks slightly nere than 10 percent of the dyed 
feathers had molted, with the majority of them being molted 
from the back tract. 


EXPLANATION OF PLATE II 


pig. 1 The breast tract of an early feathering female 
at ten days of age with only 1 juvenile feather. 

pig. 2 The breast tract of an early feathering female 
at ten days of age showing several feathers of the juvenile 
plumage, with some that have emerged from their sheathss 


ho 


BXPLANATION OF PLATE 111 


Pige 1 Dorsal view of an early feathering male at ten 
days of age shoring Little juvenile feather development on 
the shoulders, end a short tail. The dyed tips of feathers 
indieate the amount that had emerged from the sheath at one 
day of ages 


Pige 2 Dorsal view of an early feathering male at ten 
days of age showing many juvenile feathers on the shoulders, 
and a long tail. 
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At ten weeks of age over 45 percent of the dyed feathers 
hed molted, Again the greatest amount of molting of dyed 
feathers (57.66 pereent) oceurred in the beck pterylac. The 
breast tract was second with 48.89 percent, while only 22,04 
percent of the dyed feathers hat been molted in the femoral 
tract, Females molted an average of 1.84 dyed feathers more 
per bird than did the males, The difference between the two 
sexes was not significant (I = 16579). It should also be noted 
that no significant values were obtained with regard to sex 
and number of feathers molted in the three individual pterylae 
where the juvenile feathers had been dyed pinks 

The females had molted a significently greater number of 
their dyed feathers then had the males when the birds were 12 
weeks of age (% = 29136), The highest proportion of dyed 
feathers for both sexes was molted from the back pterylae 
(84014 percent), followed by those in the breast tract (76,88 
percent) and those in the femoral tract (47698 percent). 


Denn Scores on the Dressed Chickens 


The data summarized in Table 4 show that 97.37 percent 
of the birds had down present (scores of 2, 3, 4, and 8) after 
the dressing process, 411 of the birds had down present before 
they were dressed, therefore, dow must have been removed 
dur ing the dressing process, No aceurate measure was made of 
how much down was removed during dressing, however, tt vas ese 
timated that about one third of the down was removed, There was 


fable 3. Molt of the tle feathers dyed in S-veek old 
5 R, Fipmoute Reais 


Percentace of dyed feathers moltec 


Age ere Li 

Six weeks Breast 0200 0.25 0.15 
Thigh 90.20 0.50 9.40 
Back 2.86 2.00 2518 
Total 0.87 0,92 9.90 

Bight weeks Breast 2.88 15,50 11.85 
Thigh 1.10 ($200 2.16 
Back 17 944 15,50 16440 
Total 9.50 10.67 10.15 

Ten weeks Breast 46.88 51.00 43.39 
Thigh 19,48 24.25 23,04 
Back 54.74 60.00 57.86 
Total 89. 9 46,00 43.19 

Twelve weeks Breast 72,67 90.00 76,88 
Thigh 41.86 53025 47298 
Baek 80.81 87.00 34.14 
Total 65,70 78.58 89.94 


ne indieation of sexual Gimorphiem with regard to down scores 

in dressed birds, The chiesquare value obtained for the dis 
tribution of dressed birds with regard to down scores and sex 
was 2,58, which ts not significant. Practically half of the 
ehicks received high seores (4 or 5) for this factor, indicating 
that in some early feathering chicks a considerable portion of 
the down had not been replaced by juvenile plumage by 12 weoke of 
ages The greatest amount cf down wes present in the femoral 

and abdominal areas. = 


Table 4, Distribution of darn scores for 76 dressed brollers, 


Pinfeathers Present After Dressing 


The mean number of pinfeathers present in the three 
feather tracts on the dressed birds was 36,5219.66 for males 
and 41,3219.56 for females, The difference of 4.9 4.88 was 


not significant, indicating that in this study sex did not 
affect the number of pinfeathere on the dressed birds, Table 8 
shows the distribution of birds with regard to number of pine 
feathers, About 8 percent of the birds had fewer than 16 pine 
feathers while about 12 percent hed mere than 60 pinfeathers. 
The mean number of pinfeathers present was 38,9419, 18. The 
coefficient of variation was 49.78 percent, indiceting that 
there was considerable variation within the birds with regard to 
the number of pinfeathere present after the birds were dressed, 
With auch large variation, differences between groups would need 
to be very great to attain statistical significance. 


Table 5. Stemmtannien of dvecees bide Fon wemey Fick tenets 
present in back, right breast, and right femoral tracts. 


one we eg 


O « 16 4 10,53 


2 5.26 6 7.80 
16 « 30 12 31.58 9 25.68 21 26,32 
81 + 465 11 26,95 138 84.21 24 $2,089 
46 60 7 18.428 9 25,68 16 214.05 
61 or more 4 1085 8 15616 9 12.06 
Total 38 100. 00 88 99.99 76 99,99 


Table 6 shows that only 10.08 percent of the total number 
of pinfeathers counted in the three pterylae were in the breast 
tract. The femoral pterylae contributed 52.41 percent and 


the back pteryise 57.51 percent ef the total number of pine 
feathers counted. 


Table 6. Location of pinfeathers present on the dressed birds. 


Feather 3 3 N 
Tract ¢ 2 Seen 


Breast | 893 10.05 
Femorel 968 | 32e41 
Sack 1700 67 651 
Total 2956 100,00 


Relationahip of the Number of Pinfeathers Present After 
Dressing to the Classification of Live Birds At one and 
Ten Days of Age 

The data presented in Table 7 show that a change in feather 
length did not result in a change in the number of pinfeatherss 
The correlation coefficient between the length of the number 2 
secondary at one day of age and the number of pinfoathers present 
after dressing was +.090 for males and 4.225 for females. hen 
the two sexes were combined, the correlation coefficient was 
7.080, These values were not statistically significant. 

Males and females were divided into separate groups when 
the relationship between number of pinfeathers and the fea ther- 
ing at ten days of age was determined, because sex was found to be 
a significant factor affecting the degree of feathering in chicks 
at ten days of age, Correlation coefficients between the 
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10 day back scores and the total number of pinfeathers were 
4002 and 2286 for nales and females, respectively, The 
correlation coeff le tent between 10 day breast scores and the 
number of pinfeathers was «e879 for males and . 004 for fe- 
males, These values indicate thet no significant relationship 
exiated between the feathering scores on the back and breast 
pterylae at 10 days and the number of pinfeathers on the birds 
after they were dressed. 

The mean number of pinfeathers present in the back pterylee 
of males dressed at 12 weeks of age with 10 day back scores of 
one end two was 19.8 and 19.1 respectively. Pemeles with « 10 
day back score of one averaged 25.0 pinfeathers in their back 
tract efter dressing while these with a score of two averaged 
25.7 pinfeathers, The ehiesquare values for the distribution 
of birds with res poet to 10 day beck scores and number of pine 
feathers in the back tract after dressing wore 0.44 for males 
and 0.01 for females, Neither value was significante 

The mean number of pinfeathers present in the breast 
tract of males at 12 weeks of age with reapect to l0eday breast 
scores was 4.53 and 2,50 for scores of two and three. For fe- 
males the mean number of pinfeathers was 5.76, 5035, and 5.65 
for breast scores of two, three, and four, respectively, The. 
chiesquare values for the distribution of birds with respect 
to l0eday breast scores and number of pinfeathers in the breast 
tract were 0.45 and 0,03 for males and females respectively. 
These values were also net significant. 
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1 Bg Sn of — 2 After Dressing 

The number of pinfeathers present on the birds dressed 
at 12 weeks of age was compared to the number of juvenile 
feathers molted by 3, 10, and 12 wooks » Correlation coefficients 
of #4126 and #6105 were obtained between the number of pine 
feathers on the dreseed birds and the number of pink feathers 
molted at eight and ten weeks, respectively, Neither value was 
significant. 

Correlation coefficients of +4149 for males and 9. 144 for 
females were obtained for the relationship between pinfeathers 
present efter dress ing and the number of juvenile feathers nolt- 
ed to 12 weeks of age, Neither value was significant. When the 
two sexes were combined a correlation coefficient of +5114 was 
obtained between the two factors, This value was not signifies 
cant, therefore, the number of pink feathers molted by 12 weeks 
of age wes not assceiated with the number of pinfeathera after 
dross ing. 

fable 8 shows the relat ien of dyed feathers molted by 12 
weeks to the number of pinfeathers present on birds dressed at 
that ages 

Dressing 80 the Dom Secree of the Dvessed Biras 

Since sex had no significant effect on the number of pine 
feathers nor the down scores on the dressed birds, both sexes 
were grouped together for analyzing the relationship between 
the two factors, A highly significant correlation coefficient 
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of 7,561 wes obtained. A low down score was ae colated with 
few pinfeathers and « high down score was as coated with a 
large number of pinfeathers, This relationship may be observe 
ed in late IV. Fron the deta summarized in ‘able 9 and Pigs 1 
it may be observed that for each increase in down score there 
was an increase in the nuniber of pinfeathers presents The pine 
feather increase was omeller vetweon birds with down scores of 
four and five than between those with lower down scores. 


Table Comparison of down scores with number ef pinfeathers 
for dressed birds. 


1 
2 17 2.94 7.88 14.88 28,17 
3 20 8. 40 10. 80 19.80 34,00 
4 al 3.61 16486 27638 4.88 
5 16 5. 00 16.78 28.786 50,80 


n of the — toe of Juvenile Peathers to 
he Down Scores ef the Dressed Birds 
The distribution of dyed feathers molted at 10 or at 12 | 
weeks with regard to the down scores of the dressed birds were 
not significant for the males, with chiesquere ve lues of 0.55 
and 1,58 for 10 and 12 weeks, respectively. Significant chi- 
square values of 4.60 and 3.89 were obtained between these 
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Fig. I. Relationship between the number of pinfeathers 
present after dressing and the down scores of the dressed 


birds. Data obtained from 76 birds dressed at 12 weeks 
of agee 
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factors in females et the two ages, When the two sexes were 
grouped together ehiesquare values of 2,65 and 3.36 were ob- 
tained between the two factors at 10 and 12 weeks, respectively, 
The values were not significant. 


Comparison of Live Body We end Runder of 
pinfoatnene Meenath After ieecsine 


From the results summarised in Table 10 it may be assumed 
‘that the number of pinfeathers on the dressed birds was indepene 
dent of body weights at 10 or at 12 weeks, The variation in 
body weight was slight between the birds differing with respect 
to number of pinfeathers. 


Table 10, Comparison of body weight at 10 and 12 weeks with 
* he number of pinfeathers present after dressing, 


0 1 4 2 1195.00 1040.00 1508.75 1290,00 
9 1852.50 955.35 1609.58 1188. 80 

81 @ 46 11 1 1146.56 1005.58 1486.82 1217.31 
9 1188.71 907. 7 1521.42 1188.88 
8 


1182.50 828,00 1499.75 1118. 00 


DISCUSS ION 


The resulte of this study indicate that variation exists 
in the feather development of birds possessing the sex«linked 


EXPLANATION OF PLATE IV 


Lateral views of early feathering males, dressed at 
12 weeks of age, prior to any hand pinning or singe ing. 
The two birds represent the extremes for the birds include 
od in the present study. 
Pige 1 Many pinfeathers and much down presents 
Fig. 2 Very few pinfeathers and a very slight 
seattering of down present. 


gene for early featheringe These findings are in accord with 
those of Darrow (1941) end Hurry and Nordskog (1953). Variae 
tions in thie study were observed at 1 dey, 10 days, 5 weeks, 
6 weeks, 8 weeks, 10 weeks, 12 weeks, ond after dress ing at 
12 weeks. 5 

The variation at one. day was not as great as the variation 
that exteted at later 40050 At ten days of age the chicks could 
be placed in definite groups according to the ir body plumage. 
Juvenile feathers had appeared in the back pterylae of some 
chicks while other chicks had only down feathers present in 
their back pterylee. Juvenile feathers were present in the 
breast tracts of all chicks used in this study by ten days. 
These birde sould be accurately classified into definite groups 
according to the development of the juvenile feathers present. 

The observation was made at five weeke that some birds hed 
mature feathers of the juvenile plumage while others did not, 
Variation was present among birds with regard to the melting of 
their juvenile feathers at various ages, The largest variation 
was found in the number of pinfeathers on the dressed birds. 
Perhaps the variation in the other factors hed a cumulative 
affect which caused this large variations 

The variation within the early feathering birds used in 
this study appeared to be great enough to suggest thet further 
‘improvement in feather development could be made in birds that 
alresdy possess the sex-linked gene for early feathering. in 
this study it was not possible to determine the type of conetic 
factors causing this variation, as the stock was not pedigreed. 
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The breast pterylee ts among the first feather tracts in 
whieh juvenile plumage appears, while the back pterylee 16 one 
of the last feather tracts in which juventle feathers appeer. 
in this study there were almost six times es many pinfeathers 
counted in the back tract as in the breast tract. The essunption 
ean be made thet, at broiler age, there will be fewer pin« 
feathers present in those areas where juvenile feathers appear 
early than in those areas where the juvenile feathers appear 
late. 

No relationship was found between the number of pine 
feathers on the dressed birds and bedy size of the chicks at 
ten or at 12 weeks of ages 

Differences due to cex were observed at ten days and 12 
weeks, The females had considerably more juvenile feather 
Gevelopment in the breast and back pteryleae then did males at 
ten days of ages At 12 weeke a significant difference exiated 
between sexes for rate of molt of juvenile feathers with the 
females molting a larger number of their dyed feathers than the 
males, ividence of sexual dimorphiem in early feathering 
chicks, with females feathering more rapidly than males, had 
been previously reported by Radi and Warren (1938), Hays and 
Sanborn (1944), Glasener end Juli (1946) and Haye (1962), 

Sinee sexual dimorphiem was found in live birds at 12 
weeks, it appears logical to expect it to be present in the 
birds after dressings, However, no significant differences be- 
tween sexes were obtained for dressed down scores or pinfeathers 
present on the dressed carcass. The sexual dimorphiem present 


in the juvenile plumage of live birds had little or no effect 
on the appearance of the birds Gressed at 12 weeks of ages | 

To the author's knowledge, no work hes been reported on 
the source of the pinfeathers on market-aze broilers, The pine 
feathers that are present are the result of either juventie 
plumage replacing down feathers or post juvenile plumage replete 
ing juvenile plumage. de significant relationship was cbtained 
between the number of pinfeathers present on dressed birds and 
the number of juvenile feathers molted to 12 weeks, nor between 
the number of juvenile feathers molted at eight or et 10 weeks 
of Agee 

A highly significant relationship between the down scores 
on the dressed birds and the number of pinfeathers present was 
obtained. Those birds having the greatest amount of down also 
had the greatest number of pinfeathers, while those with little 
down had few pinfeathers. 

Since a highly significant relationship existed between 
the down scores of the dressed birds and the number of pine 
feathers present and no significant relationship existed bee 
tween the juvenile feathers molted to 12 weeks and the number 
of pinfeathers present it may be assumed that the vartation in 
pinfeathers present on the birds dressed at 12 weeke of ag 
wes primarily due to juvenile feathers replacing down feathers 
rather then postjuvenile feathers replacing juvenile feathers. 


SUEMARY AND CONCLUSION 


A study was conducted to provide more critical informae 
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tion on the body plumage of birde possessing the sex-linked 
gene for early feathering and the souree of pinfeathers present 
on marketeage broilers, The results were: 

1. Variation was observed in birds possessing the sexe 
linked gene for early feathering at 1 dey, 10 days, 5 weeks, 

6 weeks, 3 weeks, 10 weeks, 12 weeks, and after dressing at 12 
weeks of age, with the coefficient of variation being largest 
for pinfeathers present efter the birds were dressed. 

2. No relationship existed between body weight at 10 end 
12 weeke and the number of pinfeathers after dressings 

3. ‘Sexual dimorphism was observed during the growing 
period with the fers los feathering more rapidly than the males, 
but it was not evident after the birds were dressed at 12 weeks 
of age, 

4. ‘Some darn feathers were apparently removed during the 
mechanical dressing process, 

Se The pinfeathers present on the carcass of brot lers 
dressed at 12 weeks of age were of the juvenile and adult 
Plumage, with the juvenile pinfeathers apparently composing 
the majority of these present. 
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The purposes of this study were to (1) provide more 
critical information on the nature ef the variation in the 
body plumage of early-feathering birds and (2) determine 
whether pinfeathers present in 12 week old chickens are 
juvenile or post juvenile feathers. 

The 100 birds used in ‘this study were carly feathering 
White Plymouth Rocks obtained from a commercial hatchery. 

At one day of age the chicks were immersed in a commercial 
chick dye solution which ayed their down green, At five weeks 
of age pink dye was used to mark juvenile feathers in exch of 
three feather tracts on och chick, Dyeing of the down and 
juvenile feathers was dane to feetlitate identification of 
such feathers until they were replaced by subsequent plumage. 

Each chick was classified according to ite feathering 
conditicn at 1 day, 10 days, 6 weeks, 10 weeks, and 12 weeks 
of age, At 12 weeks of age the birds were taken to a commere 
Gial dressing plant where they were killed, slackescalded 
(temperature 128), and put through a mechanteal picking 
machines finfeather counts end scoring ef the down present 
were made on the dressed birds before any hendpinning or 
Singeing was done. 

Sexual dimorphism was observed at 10 days and 12 weeke of 
age, with the females feathering more rapidly than the males. 
So sex difference was observed in the number of down feathers 
or pinfeathers in the dressed birds, 


The pinfeathers present on broilers dressed at 12 weeks 
of age were of both the Juvenile and the post juvenile plunage. 
The significant coefficient of correlation (+#.551) between 
the secre for down feathers and the nunber of pinfeathers in 
dressed birds indicates that the number of pinfeathers present 
at 12 weeks was dependent upon the amount of down being ree 
Placed. On the other hand, no relationship was observed bee 
tween the number of pinfeathers in the dressed birds and either 
the number or the time of molt of juvenile feathers, 

NO relationship existed between the live body weight 
and the number of pinfeathers on the dressed birds, 


